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Introduction
Sodium and potassium intake is an important predictor of morbidity and mortality, and the ratio between them has proven an even better predictor of risk of hypertension and cardiovascular diseases; the ratio is considered more important than the single estimates of these two nutrients 1, 2, 3 . The single estimates allow assessing excessive salt intake and inadequate consumption of fruits and vegetables, which are high in potassium. The World Health Organization (WHO) 4 recommends a sodium-to-potassium ratio of 1. An increase in this ratio can be due to either elevated sodium from industrialized foods and added table salt and/or decreased potassium intake, as in a diet with low nutritional quality 5, 6 .
Studying the relationship between food consumption and health outcomes is fundamentally important for a better understanding of their determinants, as well as for planning preventive and health promotion measures. Meanwhile, the assessment of food consumption in population-based studies can be done with different methods, including dietary methods, which are feasible and less expensive, but which are less precise and prone to recall bias and error in estimating the size of portions 7 . On the other hand, biomarkers are independent of random errors in relation to the inherent errors of dietary surveys, besides presenting higher precision 8 . In the case of sodium and potassium intake, urinary excretion provides a more precise estimate than dietary methods 9 , and the ratio between them is also more precise for identifying diet with lower sodium and higher potassium intake 10 .
Diet is influenced by various factors (economic, social, and cultural) and even some health conditions 11 . These factors intervene directly in access to foods and the diet's nutritional quality. Evidence has shown that higher income, more schooling, and a favorable environment increase access to healthy foods 12, 13 . Meanwhile, the presence of certain diseases interferes in food intake, whether related to inherent difficulties in the disease process or due to dietary restrictions as part of a food plan or specific diet therapy 14 . Considering that sodium/potassium ratio can be used as a good marker of intake of these electrolytes, the current study aims to identify sociodemographic factors associated with high sodium/potassium ratio in adults.
Methods

Study design and population
This cross-sectional study used baseline data from the Brazilian Longitudinal Study of Adult Health (ELSA-Brazil), a multicenter study of active and retired public employees 35 to 74 years of age, whose central focus is the incidence of chronic diseases and their risk factors, particularly cardiovascular diseases and diabetes 15 
Exclusion criteria
The study excluded individuals that did not provide validated urine samples and those in use of any class of antihypertensive medication, since diuretics have reported natriuretic effects with the decreased extracellular volume, thus presenting altered potassium excretion (hypopotassemia) 16 .
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Data collection
The tests and questionnaires were performed from 2008 to 2010 in standardized fashion in the six study centers, as published previously in full detail 15, 17 .
12-hour sodium and potassium excretion
ELSA-Brazil adopted 12-hour nighttime urine collection to estimate sodium and potassium excretion and assess creatinine clearance 15 . Participants received verbal and written instructions from trained and certified personnel on the samples' collection, storage, and transportation. Urinary volume was measured with a graduated cylinder with a capacity of 1,000mL and precision to 10mL. Sodium and potassium titrations were performed with selective electrodes. Urinary samples were defined as collection period from 10 to 14 hours, diuresis greater than 250mL, and no report of complete losses of micturition. Urine samples were considered valid when total weight-corrected creatinine excretion adjusted for 12 hours was between 7.2 and 16.8mg/kg in men and 5.4 and 12.6mg/kg in women 18 .
The study used 12-hour nighttime urinary sodium and potassium excretion and estimated 24-hour sodium and potassium intake in milligrams. 12-hour urinary excretion can be used in epidemiological studies because it estimates 24-hour consumption/excretion with reliable precision 19 . Sodium/ potassium ratio was calculated in mmol/mmol and later divided into tertiles, classified as 1 st tertile = low, 2 nd tertile = medium, and 3 rd tertile = high.
Exploratory variables
Individuals of both sexes were evaluated. Age was classified in four brackets, namely 35 to 44, 45 to 54, 55 to 64, and 65 to 74 years. Schooling was grouped in incomplete and complete elementary, complete secondary, and complete university. Per capita income was based on information on approximate net family income in the month prior to the interview and the number of persons that depended on it. This variable was divided into tertiles, where the first tertile indicates the lowest income and the last tertile the highest income. Race/color was self-reported and grouped into white and non-white (black, brown, Asian-descendant, and indigenous).
Statistical analysis
Descriptive analysis of the sociodemographic variables was performed according to tertiles of sodium/potassium ratio using the chi-square test. Mean values for sodium, potassium, and sodium/ potassium ratio were compared using analysis of variance (ANOVA) followed by Tukey post hoc and Student's t-test. Crude and adjusted multinomial logistic regression model was tested, where the dependent variable was sodium/potassium ratio in tertiles and the reference was low ratio (1 st tertile). The independent variables used in the model were sex, age bracket, schooling, race/color, and income. The data were analyzed with the SPSS version 18.0 (https://www.ibm.com/).
Results
Of the 15,105 participants, 2,292 individuals were excluded because they failed to provide validated urine collection and 3,734 were excluded because they reported use of antihypertensive medication, thus constituting a final sample of 9,079 individuals.
Individuals with high sodium/potassium ratio presented the highest mean sodium and lowest potassium (Table 1) . High mean sodium/potassium ratio was associated with male sex, younger age (35 to 44 years), lower schooling, non-white ethnicity, and lower income ( Table 2) .
Estimated sodium and potassium intake showed a significant difference between sex and schooling (Table 3 ). Higher mean sodium/potassium ratios were observed in men, younger individuals, and individuals with lower schooling and income (Table 3) . Table 4 shows the crude and adjusted multinomial logistic regression models. In the adjusted model, men showed 78% higher odds of high Cad. Saúde Pública 2019; 35(7):e00039718 Sodium/potassium (mmol/mmol) 2.1 ± 0.5 3.5 ± 0.4 5.9 ± 1.6 Table 2 Sociodemographic characteristics according to tertiles of sodium/potassium ratio. 
Discussion
Factors associated with high sodium/potassium ratio were male sex, younger age, and lower schooling and income. These characteristics were associated with higher odds of consuming a high-sodium and low-potassium diet. Elevated sodium/potassium ratio is due to consumption of high-sodium foods such as processed and ultra-processed products and the addition of Table 4 Crude and adjusted multinomial logistic regression, with low sodium/potassium ratio as the reference, ELSA-Brazil. seasonings when preparing meals 20 . Meanwhile, lower ratio indicates higher consumption of fruits and vegetables, considered important sources of potassium 21 . In this study, women showed lower mean sodium/potassium ratio than men. This may mean that women were more concerned about their health 22 and thus probably ate a better diet, including daily fruits and vegetables. Assumpção et al. 23 found that women eat more fruits and vegetables when compared to men. The same result appeared in the Brazilian National Health Survey 24 .
Sodium/potassium ratio
Another issue is changes with aging, since older individuals may be more aware of their own health care, as demonstrated by Deeks et al. 22 . However, we noted that older participants presented lower sodium/potassium ratio, probably due to higher consumption of fruits and vegetables. Younger individuals tend to eat away from home more often, frequently replacing full meals with quick snacks like fast foods, contributing to worse diet 25 .
Information on the benefits of healthy eating with lower amounts of sodium and processed foods is currently available to the entire population, but real access to this type of diet can be limited to individuals with more schooling. Better knowledge on the benefits of adequate or more nutritious diet assists eating choices. Data from the VIGITEL survey (Risk and Protective Factors Surveillance System for Chronic Non-communicable Diseases through Telephone Interview) 26 show that 44.3% of Brazilian adults with 12 or more years of schooling report consuming fruits and vegetables five or more days a week, while those with fewer than nine years of schooling consumed 29.9%.
Income is also a determinant factor for food choices. Faleiro et al. 27 demonstrated that lower socioeconomic status was associated with higher prevalence of low consumption of fruits and vegetables. Healthy foods tend to be costlier than industrialized foods 28 , which is one factor favoring choice of the latter for people with less buying power 12 . Although less costly and more practical, industrialized foods are high in calories, fat, salt, and sugar 20 . A study by Simões et al. 29 , with participants in ELSA-Brazil, showed that the highest share of energy density came from ultra-processed foods, among individuals with less schooling. The race/color variable did not remain in the final model. Although participants in ELSA-Brazil are public employees with higher income and schooling than the Brazilian national average, the sodium/potassium ratio was higher than in the U.S. population 2 .
Urinary excretion is a gold standard for estimating sodium and potassium intake 9 . Thus, sodium/ potassium ratio can be used as a marker of intake of these electrolytes, since it lacks the biases found in dietary methods. Still, this indicator is not able to identify the foods consumed by the population, which is considered a limitation. However, Oliveira et al. 30 found that frequent consumption of industrialized seasonings is associated with the highest urinary sodium excretion and sodium/ potassium ratio. Higher consumption of ultra-processed foods has also been associated with higher sodium/potassium ratio 30 . Thus, the higher the sodium/potassium ratio, the higher the sodium intake and the lower the potassium intake.
Although sodium is widely distributed in small amounts in whole foods, its principal source in contemporary diet is table salt. Foods with the highest amounts of sodium include cold cuts, cookies, and readymade meals and seasonings, among others. Since this nutrient is present in the foods that are part of current global food variety, one can predict that individuals will tend to consume much more sodium than recommended, potentially increasing the sodium/potassium ratio. The addition of salt to readymade meals is also more common in men than in women 31 .
Therefore, even though urinary sodium/potassium ratio does not allow identifying food sources or the precise sources increasing the ratio, one can state that higher ratios are associated with greater consumption of industrialized seasonings and processed foods 30 . Thus, the study's results corroborate the fact that demographic and socioeconomic factors are important determinants of food choices 23, 32 , and that sodium/potassium ratio can be used as a summary indicator of diet quality, contributing to monitoring of policies to promote healthy eating.
Conclusion
High sodium/potassium ratio was found in males, young individuals, and those with lower schooling and lower income. In addition, individuals in the first tertile of the sodium/potassium ratio showed higher levels than recommended. 
